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ABSTRACT 
 
Outbreaks of illness caused by contaminated fresh produce are on the rise. Most fresh 
produce is delivered to consumers without any processing and is consumed raw, which increases 
the risk of foodborne illness. Many college students lack food safety knowledge, which makes 
them likely targets for contracting or transmitting foodborne illnesses. The purpose of this study 
was to assess the produce handling attitudes, practices, beliefs, and knowledge among college 
students while specifically exploring the differences in produce handling between home and the 
workplace. College students at least 18 years or older who had foodservice work experience 
participated in this study. Seven hundred eighty-one usable questionnaires (7.1% response rate) 
were collected at a large university in the Midwest. Results of this study indicated that college 
students are knowledgeable about produce handling in terms of cleaning and preparing fresh 
produce. However, only one-quarter of participants (n = 204, 26.1%) were knowledgeable about 
the recommended duration for handwashing. College students said they do believe that food 
poisoning can affect their health but most did not believe fresh produce could cause food 
poisoning. Overall, the participants had higher scores for produce handling attitudes and 
practices at work than at home. There is a need for produce safety training for college students 
that can lead to improved safe produce handling not only at work but also at home. 
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CHAPTER 1. INTRODUCTION 
Foodborne illness (FBI), also known as food poisoning, is a common but preventable 
disease. FBI can originate in numerous settings, such as homes, restaurants, institutions of higher 
education, child-care centers, and senior-care facilities. Nevertheless, one study found that 
Americans did not perceive themselves as being at risk of FBIs, even when they belonged to the 
high-risk population (i.e., immunocompromised, elderly) (Buffer, Kendall, Medeiros, Schroeder, 
& Sofos, 2013). Among the various populations, young adults (aged 18–26) have a higher risk of 
engaging in risky behaviors that can have short-term and long-term consequences (National 
Academies Press, 2015) and are more likely to engage in risky food handling behaviors (Byrd-
Bredbenner et al., 2008) than other generations. Green and Knechtges (2015) found that only 9% 
of 968 surveyed students perceived themselves as being at risk of contracting FBIs, and overall, 
young adults were less aware of food safety than other generations. This suggests that young 
adults do not perceive themselves as being at risk of contracting or transmitting FBIs, which may 
influence their food handling behaviors. Another factor that contributes to young adults’ unsafe 
food handling behaviors is their lack of food safety knowledge (Green et al., 2015; Sanlier & 
Konaklioglu, 2012; Stein et al., 2010). 
According to surveillance data collected between 1998-2008 by the Centers for Disease 
Control and Prevention (CDC, 2013), etiologic agents caused 7,998 FBI outbreaks. Norovirus, 
which caused 43% of those outbreaks, was the most common etiology, while Salmonella, which 
caused 18% of those outbreaks, was the second most common etiology (Gould et al., 2013). Out 
of 13,405 FBI outbreaks, 11,627 (86%) resulted from improper food handling; restaurants and 
delicatessens were the most common places for these 11,627 outbreaks (68%), followed by 
private homes (9%), and catering or banquet facilities (7%) (Gould et al., 2013). Studies have 
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indicated that restaurants are often implicated in FBI (Angelo, Nisler, Hall, & Brown, 2016; 
Gould et al., 2013). The major contributing factors of FBI originating from those restaurants with 
FBI outbreaks were employees handling food while sick (65%) and handling ready-to-eat food 
with their bare hands (35%).  
Various foods have been implicated in FBI, but FBI outbreaks related to fresh produce 
have been increasing in recent years (Painter et al., 2013; Callejón, Rodriguez-Naranjo, Ubeda, 
Hornedo-Ortega, Garcia-Parrilla, & Troncoso, 2015; Gould et al., 2013). Outbreaks of illness 
associated with fresh produce accounted for one-third of the multi-state outbreaks (CDC, 2012). 
According to the CDC’s annual surveillance report on foodborne disease outbreaks, in 2016, 
fresh produce caused 19% of all FBI outbreaks, and 25 produce-related FBIs occurred (CDC, 
2016b). Indeed, while the 2015–2020 Dietary Guidelines for Americans encourages consumers 
to increase their consumption of fruits and vegetables (U.S. Department of Health and Human 
Services, 2020), these foods can easily become contaminated anytime while traveling from the 
farm to the table (U.S. Department of Agriculture [USDA], 2015). Foodborne illness associated 
with fresh and fresh-cut produce has been increasing in recent years (Yu et al., 2018). As most 
fresh produce is minimally processed and often eaten raw, contamination with human pathogens 
increases the risk of an FBI. Processing fresh produce by cutting, peeling, or shredding can 
damage its cell surface and thus increase the risk of microbial contamination and growth (Francis 
et al., 2012).  
Past studies have examined safe produce handling in various settings such as production 
and harvesting, retail stores, and homes (Abdelmassih et al., 2016; Rajagopal et al., 2016; 
Kilonzo-Nthenge et al., 2006; Sapers, 2014). Studies have also investigated the influence of 
foodservice experience on food handling practices among college students (Farrish et al., 2009; 
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Hertzman et al., 2011; Roseman et al., 2008). Nevertheless, no known studies have specifically 
explored the produce handling practices of college students at home and in the workplace. 
Purpose of the Study 
The purpose of this study was to assess the produce handling attitudes, practices, beliefs, 
and knowledge among college students and to determine whether they differ between home and 
workplace. The outcomes of this study can help identify the produce-safety training needs of 
college students and help reduce improper produce handling behaviors. 
The specific research objectives of the study are: 
1. Assess the produce handling attitudes, practices, beliefs, and knowledge of college 
students and 
2. Assess the differences and similarities in the produce handling attitudes and practices of 
college students at home and in the workplace. 
Research Questions 
1. What are the produce handling attitudes, practices, beliefs, and knowledge of college 
students? 
2. What are the differences and similarities in the produce handling attitudes and practices 
of college students at home and in the workplace? 
Definition of Terms 
College or University (CU): A college or university is “an independent institution of higher 
learning offering a course of general studies leading to a bachelor’s degree” (Merriam Webster, 
n.d.). 
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Foodborne illness (FBI): A foodborne illness is “an illness that comes from eating contaminated 
food. The onset of symptoms may occur within minutes to weeks and often presents itself as flu-
like symptoms such as nausea, vomiting, diarrhea, or fever” (CDC, 2020). 
Foodborne illness outbreak: A foodborne illness outbreak is “an incident in which two or more 
persons experience a similar illness after ingestion of a common food and in which 
epidemiologic analysis has implicated food as the source of the illness” (CDC, 2019). 
Fresh produce: Fresh produce is likely to be sold to consumers in an unprocessed (i.e., raw) 
form. Fresh produce may be intact—such as whole strawberries, carrots, radishes, or tomatoes—
or cut from roots or stems—such as celery, broccoli, lettuce, or cauliflower” (FDA, 2008). 
Produce handling: Produce handling involves buying, storing, preparing, and serving produce 
to ensure food safety (FDA, 2018b). 
College student: A college student is a student at a college or university. In this study, a college 
student further refers to young adults who are in their late teens or early 20s (Cambridge 
Dictionary, 2020). 
Thesis Organization 
This thesis consists of five parts: Chapter 1 is the introduction, which identifies the 
purpose of the study, states the research questions, and defines important terms. Chapter 2 
provides a review of the relevant literature. Chapter 3 describes the research methodology, while 
Chapter 4 presents the results and discussion. Finally, Chapter 5 comprises general conclusions 
and the implications and limitations of the study. Reference lists are also included at the end of 
Chapter 5. The primary investigator was responsible for the development of the research 
concept, data collection, data analysis, and manuscript writing. Drs. Naig, Arendt, and Shaw 
were involved in all phases of this research.  
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CHAPTER 2. LITERATURE REVIEW 
Foodborne Illness in the United States 
Foodborne illness, or food poisoning, is caused by consuming contaminated food. The 
most common symptoms of FBI include nausea, vomiting, upset stomach, and diarrhea, and 
these can vary from mild to severe (Centers for Disease Control and Prevention [CDC], 
2018a). Mild illness may last only a few hours to a few days, while high fever, bloody stools, and 
frequent vomiting may require hospitalization (CDC, 2018a). Again, FBIs annually cause about 
one in six Americans to become sick; 127,839 are hospitalized annually, resulting in 3,037 
deaths (CDC, 2018b; Scallan et al., 2011). Additionally, according to the U.S. Department of 
Agriculture (United States Department of Agriculture [USDA, 2015]), FBIs annually cause more 
than $15.5 billion in damage to the economy. 
According to the CDC, the top five microorganisms that cause FBIs in the United States 
are norovirus (58%), non-typhoidal Salmonella (11%), Clostridium perfringens (10%), 
Campylobacter spp. (9%), and Staphylococcus aureus (3%; 2016a). Moreover, the top five 
pathogens that result in hospitalization are Salmonella (35%), norovirus (26%), Campylobacter 
(15%), Toxoplasma gondii (8%), and E. coli (STEC) O157 (4%). According to the outbreak data, 
the five key risk factors contributing to FBI are:  
a) Purchasing produce from unknown sources: Produce purchased from producers 
whose produce handling practices are unknown may result in customers purchasing 
contaminated produce.  
b) Poor personal hygiene: Produce handlers who practice poor personal hygiene are 
more likely to contaminate produce by transferring pathogens onto produce (i.e. using 
dirty hands or handling produce when sick).  
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c) Improper holding temperature: Storing food at unsafe temperatures create conditions 
that encourage microbial growth by putting produce in the temperature danger zone 
(40-140°F).  
d) Cooking to inadequate temperature: When produce is not cooked to required internal 
cooking temperature, microorganisms can continue to thrive because they have not 
been killed.  
e) Contaminated equipment: Produce handling equipment such as a chopping board 
unclean knives can result in cross contamination which can transfer microorganisms 
from equipment onto produce.  
These factors provide conditions that are conducive for the growth of foodborne 
pathogens that can lead to illness and/or death. Foodservice businesses are encouraged to follow 
the U.S. Food and Drug Administration’s (FDA) food safety regulations (FDA, 2019a). While 
foodservice operators may purchase food from credible providers and train their employees to 
follow safe food handling and sanitation procedures, studies indicate that foodservice workers do 
not always practice food safety in the workplace and are therefore contributors to FBIs (Angelo 
et al., 2017; Harris et al., 2018). In fact, according to surveillance data, foods prepared in 
restaurants cause the majority of FBI outbreaks (CDC, 2017; Gould, Rosenblum, Nicholas, Phan, 
& Jones, 2013). Allowing infected employees to handle food is one of the most common cause 
of these outbreaks (Gould et al., 2013), and disallowing infected restaurant employees to handle 
food is one way to prevent FBIs (Angelo et al., 2017; Kwon, Roberts, Sauer, Cole, & Shanklin, 
2014). A study by Choung and Kim (2010) found that 62% of violations in restaurants resulted 
from human factors and that 97.4% of restaurants that were graded lower than A improved their 
food safety inspection score and earned an A grade after receiving food safety training. 
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Nevertheless, barriers such as inadequate training, time constraints, insufficient resources 
to practice food safety, and poor workplace layout can also lead to contamination and FBI 
(Howells et al., 2008; Strohbehn et al., 2014). To improve food safety, foodservice operators can 
help motivate their employees to follow proper food handling practices. The use of some tools to 
assess employees’ internal and external motivational factors can help foodservice operators 
understand their employees (Arendt, Ellis, Strohbehn, & Paez, 2011; Charles & Radke, 2017);  
 Research has indicated that consumers do not always follow safe food handling practices 
at home; the average handwashing time was lower than 20 seconds and more than half of the 
people did not clean and sanitize surfaces properly before preparing food. Moreover, poor food 
handling behaviors were observed that can lead to cross-contamination when consumers prepare 
food at home (Anderson, et al., 2004; Redmond et al., 2003).  
The Foodservice Industry in the United States 
The foodservice industry shares responsibility with the government to ensure that the 
food the public receives is safe and protects consumers from contracting an FBI (FDA, 2013). 
This industry consists of commercial and non-commercial foodservices, with the commercial 
sector selling food for profit. Non-commercial foodservice establishments include child-care 
centers; long-term care facilities, such as senior-care centers; schools; hospitals; colleges and 
universities; and correctional and military facilities. Feeding employees also falls under onsite 
foodservices (Gregoire, 2016). 
A study by Sobaih (2011) revealed that limited research exists on part-time employee 
training. Especially in the hospitality industry, part-time employees did not receive the same 
training opportunities and access as full-time employees. Sobaih (2011) also researched how 
management teams view training part-time employees and identified the associated barriers, such 
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as the training costs and limited hours for providing equal training to part-time employees. The 
findings indicated that the main reason why management teams were uninterested in training 
part-time employees was due to the lower return on investment and high turnover compared to 
that of full-time employees. Other reasons for limiting training opportunities for part-employees 
were their irregular work schedules, which led to having less time to train, and the management 
teams’ beliefs that part-time employees have low enthusiasm for their jobs. 
Effective training methods are crucial in the workplace; however, building positive 
relationships between trainers and trainees should help the latter reach higher learning 
achievements. Employees are more motivated when their managers have supportive attitudes, 
and the motivational factors for both manager and employees play an important role in 
identifying the gaps between food safety knowledge and food safety practices (Arendt & Sneed, 
2008; Ghezzi., 2017). Ghezzi (2017) concluded that certain training methods might be more 
effective than others. For instance, shadowing trainers, role-playing, and employing situational 
questions can improve employees’ awareness of their environments, and mock scenarios are also 
an effective training method. 
It is important for managers and supervisors to encourage food safety practices in the 
workplace. Arendt, Paez, and Strohbehn (2013) conducted a qualitative study to evaluate 
foodservice managers’ perceptions of food safety in their establishments. They collected data by 
interviewing current and potential foodservice managers; the data were then sorted into four 
categories: food safety training, predisposition to food safety, manager’s role, and manager’s 
problems with being effective in food safety. According to the study, the authors concluded that 
managers themselves needed to improve their knowledge of food safety and be more effective in 
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their training. The challenge was how to effectively communicate food safety knowledge to 
workers with their diverse cultural backgrounds and various workplace factors in effect. 
Employees fail to follow proper food safety practices for many reasons. For example, 
they may be too busy, have limited time or resources, or use inadequate equipment (Hertzman & 
Barrash, 2007). In addition to these factors, managers’ attitudes toward food safety are crucial to 
ensuring that their employees follow proper food safety practices. With strict supervisors, 
employees tend to more closely follow proper food safety practices to avoid being disciplined. 
Moreover, managers can help employees to engage in safe food handling practices (Hertzman & 
Barrash, 2007). 
Webb & Morancie (2015) discovered no significant relationships between foodservice 
employees’ food safety knowledge and their education level, length of employment, and 
exposure to food safety training. While 66.7% of the employees who participated in their study 
had received basic food safety training, no statistically significant differences were observed 
between those who had received the training and those who had not. The study also revealed that 
foodservice employees thus retained a limited to moderate understanding of food safety, 
especially since they had poor knowledge in the areas of hygiene, time and temperature control, 
cross-contamination, and cleaning and sanitizing practices. According to this result, food safety 
education programs must first be improved to enhance food safety knowledge and then be 
supported with hands-on training. Abdelmassih et al. (2016) conducted a study to examine retail 
foodservice employees’ practices for handling leafy greens. To do so, they hung food safety 
messaging posters in the workplace and collected data by observing and interviewing these 
employees at three different points: before the posters were displayed, one month after their 
display, and three months after their display. The authors concluded that the visual-based 
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educational posters could be used to help employees recall knowledge and thus influence their 
food safety behaviors. Such types of educational posters could also be useful tools for educating 
young adults about food safety.  
Produce Safety in the United States 
Several studies have indicated that the consumption of fresh produce has been increasing 
in the United States over the years (Aruscavage et al., 2006; Sivapalasingam et al., 2004; Walsh 
et al., 2014). Indeed, governmental health agencies in many countries suggest that consumers 
should eat at least five daily servings of fruits and vegetables (Joshipura et al., 2001; Abadias, 
Usall, Anguera, Solson, & Vinas, 2008). In addition to having health benefits, fresh produce is 
also associated with microbial and chemical food safety problems (Strawn, Schneider, & 
Danyluk, 2011). According to a 2018 USDA report, the top five fresh vegetables consumed in 
the United States are potatoes, tomatoes, onions, lettuce (head), and romaine and leaf lettuce. 
The top five fresh fruits consumed are bananas, apples, watermelons, grapes, and strawberries 
(USDA, 2018). According to the FDA, “fruits and vegetables that have been minimally 
processed and altered in form, by peeling, slicing, chopping, shredding, coring, or trimming” are 
considered fresh-cut produce (FDA, 2008). Fresh-cut produce, also called ready-to-eat (RTE) 
produce (FDA, 2018a), does not require additional preparation before consumption (FDA, 2013). 
For instance, RTE vegetables include broccoli and cauliflower florets, cut celery stalks, and 
shredded lettuce, while RTE fruits include cut melon, sliced pineapple, and sectioned grapefruits 
(FDA, 2018a).  
 Fresh produce goes through the following steps to reach the consumers: 
production/growing, harvesting, packing, transportation, storage, and distribution to retail stores. 
Or direct sale to customers. Maintaining food safety at each step is critical for keeping produce 
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safe (Shewfelt et al., 2014) because both fruits and vegetables can act as vehicles of microbial 
contamination (Park et al., 2012). Produce can become contaminated at any point from farm to 
table; in fact, pathogenic microorganisms can be found on the surfaces of unprocessed fruits and 
vegetables, but studies have confirmed that washing fruits and vegetables cannot remove these 
microorganisms. For example, Salmonella can develop a biofilm that allows bacterial cells to 
survive under unfavorable conditions and makes them less likely to be removed by washing 
(FDA, 2017).  
Outbreaks Resulting from Contaminated Produce in the United States  
With the increase in the consumption of fresh produce, outbreaks related to fresh produce 
have been increasing as well. Between 1973 and 1987, fresh produce caused 2% of all FBI 
outbreaks, by 2009–2010, 23% of all FBI outbreaks were related to fresh produce (Walsh et al., 
2014). From 1982 to 2002, 21% of the E. coli O157:H7 FBI outbreaks were related to fresh 
produce (Aruscavage et al., 2006). Regarding the produce-related FBI outbreaks that occurred 
between 1998 and 2016, leafy greens accounted for 10%–40% of all produce-related illnesses. In 
2019, pre-cut melons caused 137 FBIs (Johnson, 2019; FDA, 2019b). The most common 
bacteria associated with fresh produce are Cyclospora cayetanensis, Escherichia coli O157:H7, 
hepatitis A, Listeria monocytogenes, norovirus, Salmonella spp., and Shigella spp. (FDA, 2008).  
According to the CDC (2018c), one of the most recent produce-related FBI incident—an outbreak 
of Shiga toxin-producing E. coli O157:H7 infections—was related to romaine lettuce. Forty-three 
Americans from 12 states were infected with E. coli O157:H7, and 16 of them required 
hospitalization. The romaine lettuce responsible for the outbreak had been harvested from the 
Central Coast growing regions of Northern and Central California. Leafy greens are the most 
commonly implicated crops involved in fresh produce-related disease outbreaks (Luo et al., 2011; 
 
 
12 
Olaimat & Holley, 2012), and the major contamination is due to E. coli O157:H7 and Salmonella 
spp. (Tomás-Callejas et al., 2012). In recent times, Listeria monocytogenes has also been 
implicated in illness outbreaks related to produce (CDC, 2019). 
Food Handling Among Young Adults at Home and Work 
Consumers are susceptible to contracting FBIs not only when dining out but also when 
preparing food at home. From 2009 to 2015, approximately 12% of the reported FBI outbreaks 
were traced to food prepared at private homes, with leafy vegetables and fruits being among the 
common vehicles for pathogenic microorganisms (Dewey-Mattia et al., 2018). Unlike the kitchen 
in a foodservice establishment, the kitchen in a private home is treated as a multipurpose area 
(Redmond et al., 2009), thereby increasing the risk for cross-contamination of produce.  
Few research studies exist about produce handling at home and foodservice 
establishments, especially in relation to young adults. Li-Cohen and Bruhn (2002), in a 
nationwide mail assessment of fresh fruit and vegetable handling, determined that college 
students or recent college graduates handled their produce less safely than respondents who were 
women, members of lower-income households, aged 65 years and older, or non-college 
graduates. 
Anderson et al. (2004) observed that when participants (n = 99) prepared food at home, 
they tended to cross-contaminate poultry, seafood, and uncleaned produce with RTE food. Most 
participants did not clean their vegetables thoroughly. Furthermore, consumers did not follow the 
proper handwashing procedure. While most participants claimed that they washed cutting boards 
after using them with raw meat or fresh produce, the cleaning was inadequate (Anderson et al., 
2004; Redmond et al., 2003), and inadequately cleaned cutting boards and utensils can lead to 
cross-contamination. Consumers must also be educated on produce handling at home to reduce 
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the incidence of FBIs (Phang et al., 2011). Stein, Dirks, and Quinlan (2010) found undergraduate 
students to have high confidence in their knowledge of safe food handling practices and the 
ability to engage in those safe practices, but this was not reflected in their observed practices. 
The researchers then developed a social marketing campaign for young adults that was 
implemented on the campus over a four-week period through promotional events and provided 
incentives. Post-campaign survey results revealed improved food safety knowledge, attitudes, 
and behaviors, particularly with respect to appropriate temperatures for cooking and 
refrigeration. They concluded that e‐mails and posters may be effective ways of communicating 
food safety messages to this population. 
 Obande and Young (2020) assessed whether university students were adequately 
educated about how to safely refrigerate food and whether their attitudes and practices mirrored 
their knowledge. They found that 43.3% were unaware of the refrigerator temperature setting 
necessary to prevent microbial growth, while 83.7% reported “never” or “rarely” using a 
thermometer to check the temperature of their refrigerator. A total of 43.1% incorrectly “agreed” 
or “strongly agreed” that odor and appearance of food can be used as an indicator for food safety, 
and 64.1% self-reported “often” or “always” using this practice. In a study of 490 college 
students, McArthur, Holbert, and Forsythe (2007) found students to be following food safety 
recommendations at least 70% of the time, even though their food safety knowledge was lower 
(39%). The authors recommended that food safety interventions focus on causes of microbial 
contamination and overcoming perceived barriers to safe food handling practices.  
An observation of food handling practices among 153 university students revealed that 
fewer than half followed recommended food handling practices and only two-thirds correctly 
answered the knowledge questions (Abbott, Byrd-Bredbenner, Schaffner, Bruhn, & Blalock, 
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2009). Booth (2012) examined food safety attitudes of 499 college students and found that 
knowledge significantly influenced general and bacterial food safety attitudes. Moreover, 
respondents with negative attitudes believed food safety was someone else’s responsibility. 
African Americans and Asians had more positive attitudes toward food safety than Caucasians. 
McNeilly and Raming (2018) also found food safety knowledge among college students to be 
poor and that the students expected foodservice operators and authorities to ensure the safety of 
food, thereby shifting the locus of control to others. Observations conducted with videos of 
poultry-handling practices in 56 households (average participant age = 21 years) found cross-
contamination occurring frequently. Even though the participants demonstrated an understanding 
of safe poultry-handling guidelines, that knowledge did not translate into actual practice 
Mazengia et al., 2015).  
When young adults first move out of campus housing, they may be preparing food for the 
first time and may lack knowledge about how to safely handle it (Ferk, Calder, & Camire, 2016). 
Moreover, many young adults share kitchen space with others, which could put them at risk of 
contracting or transmitting FBIs (Christensen et al., 2005). Xiong (2017) assessed food safety 
knowledge and practices (FSKP) of college students (n = 287) living in college apartments and 
found that students earned an average score 73% on the FSKP questionnaire. Furthermore, 
refrigerator and freezer temperatures were measured and kitchen surfaces (kitchen counter, dish 
sponge, cutting board, refrigerator handle, and sink drain) were swabbed with 3M™ Quick 
Swabs in each apartment (n = 20) to assess sanitary conditions. None of the residents used a 
refrigerator and freezer thermometer. Seventy-five percent of the kitchen sinks were highly 
contaminated, and 30% of the participants had never cleaned their kitchen sink. The cleanest 
surfaces were chopping boards (85%). Foodservice work experience did not have a significant 
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influence on FKSP scores. Ferk, Calder, and Camire (2016) conducted a study in Maine to assess 
university students’ knowledge of food safety; according to the results, female students had 
higher food safety knowledge scores than male students, and several participants did not know 
that sliced melon is a risky food that can cause FBIs. The authors concluded that young adults in 
the first and second years of university must become educated about food safety, especially in 
the areas of foodborne pathogens and how to properly handle fresh produce. 
Many young college students lack sufficient food safety knowledge, and this lack of 
knowledge could increase their risk of contracting FBIs (Morrone & Rathbun, 2003). Even 
though college students may gain food safety knowledge through training, previous research 
found no significant relationship between possessing this knowledge and following safe food 
handling practices (Stein et al., 2010; Yarrow et al., 2009; Sanier & Konaklioglu, 2012). In one 
study, Byrd-Bredbenner et al. (2007b) developed psychosocial questionnaires to assess how 
psychosocial factors affect young adults’ food safety practices. The three psychosocial factors 
include food safety beliefs, food safety locus of control, and food safety self-efficiency. Of all 
student participants, 64% said they had never taken any college courses related to nutrition, 
microbiology, or food science. Furthermore, high schools are eliminating home economics 
classes, which would have been a setting where they could learn about safe food handling 
practices (Iowa Public Radio, 2018). 
In another study, Byrd-Bredbenner et al. (2008) mentioned that young adults, especially 
white males, are at higher-than-average risk of contracting FBIs due to their eating behaviors. 
Young adults who were knowledgeable about food poisoning tended to consume less risky 
foods. The authors suggested that future education should focus on changing food consumption 
behaviors to reduce food safety risks. Garden-Robinson, Eighmy, and Ngale Lyonga (2010) 
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assessed the food safety knowledge needs among international students who are accustomed to 
food made fresh in their native countries. The needs assessment found that international students 
require information about how to safely handle processed foods, frozen foods, and ready-to-eat 
foods, which are commonly found in the United States. Preferred methods for receiving food 
safety information included print materials, food labels, television, and online resources.  
Transference of Food handling Behaviors: at Home and Work 
Researchers have examined whether consumers’ behaviors will transfer from home to the 
workplace. Stokes and Arendt (2017) studied school employees’ perceptions of using local 
produce for a farm-to-school program and found differing attitudes, with employees who used 
local produce at home more supportive of using it in their workplace due to their own positive 
experiences. Talib et al. (2010) assessed learning “information security” at work and home. The 
results indicated that respondents gained more knowledge in the workplace than at home because 
of motivational factors there, but that they did transfer their knowledge and practices from work 
to home.  
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CHAPTER 3. METHODOLOGY 
The literature review indicates that an increase in the consumption of fresh produce along 
with recent major outbreaks of illness associated with some fruits and vegetables have led to 
greater concern about the safety of fresh produce (Bennett et al., 2018; Walsh et al., 2014). 
While college students continue to enter the foodservice workforce, no known research has 
examined the differences in college students’ produce handling attitudes, practices, beliefs, and 
knowledge at home and in the workplace. Again, the purpose of this study is to assess these 
differences in produce handling among college students at home and in the workplace. 
Research Questions 
 The research objectives are to: 
1. Assess the produce handling attitudes, practices, beliefs, and knowledge of college 
students and 
2. Assess the differences and similarities in the produce handling attitudes and practices 
of college students at home and in the workplace. 
The research questions are: 
3. What are the produce handling attitudes, practices, beliefs, and knowledge of college 
students? 
4. What are the differences and similarities in the produce handling attitudes and 
practices of college students at home and in the workplace? 
Human Subjects 
The Iowa State University Institutional Review Board reviewed and approved the 
research before participants were contacted (see Appendix A). 
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Sample 
A convenience sample of undergraduate students from a Midwest university was 
selected. In the fall of 2019, 28,294 undergraduate students (female = 12,098/42.8%; male = 
16,196/57.2%) attended this school; of these undergraduate students, 3,189/11.3% were 
international students (born outside the United States) (Iowa State University Enrollment 
Statistics, 2019). According to the National Center for Educational Statistics (2018), 56% of 
undergraduate university students across the United States are female and 44% are male. 
Additionally, international students account for 0.6% of the total undergraduate enrollment in the 
United States. The sample did not reflect national undergraduate college enrollment statistics, 
possibly because this university is located in the Midwestern United States but gender 
representation of the sample reflected the population statistics of the state where this study was 
conducted (www.iowa.gov, 2019).  
Questionnaire Development 
A web-based questionnaire was developed according to Dillman’s guidelines (Dillman et 
al., 2014; Appendix B). The food safety program Fight BAC!®:Safe Produce was used as a guide 
for developing the questionnaire (Fight BAC!: Safe Produce, 2009), and portions of previously 
used food safety questionnaires were adapted for this study as well (Byrd‐Bredbenner et al., 
2007b; Byrd‐Bredbenner et al., 2007c; Choi & Rajagopal, 2013). 
Experts in foodservice and food safety (n = 3) reviewed the questionnaire for content. 
Once the content was validated, the questionnaire was pilot-tested with undergraduate students 
(n = 22) enrolled in a hospitality management program. At the end of the pilot-test questionnaire, 
participants were asked to provide their feedback on the strengths and weaknesses of the 
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questionnaire as well as suggestions for improvement. Pilot study participants said they thought 
the questionnaire was thorough and relevant but added that some of the questions seemed 
repetitive and could have been clearer. The questionnaire was modified based on the pilot test 
and then distributed to the sample. 
The web-based questionnaire consisted of five sections: 1) 14 questions about produce 
handling attitudes on a five-point Likert scale, ranging from (1) “strongly disagree” to (5) 
“strongly agree”; 2) nine questions that assessed the frequency of produce handling practices on 
a three-point scale, ranging from (1) “always” to (3) “never”; 3) five yes-or-no questions that 
evaluated foodservice employees’ beliefs about handling produce; 4) 12 multiple-choice 
questions that assessed produce safety knowledge (correct answers were coded as 1, while 
incorrect answers were coded as 0, for a total score of 12); and 5) demographic questions. 
Data Collection 
The web-based questionnaire was posted on Qualtrics® (Appendix C). To distribute the 
questionnaire, an email containing the questionnaire was sent to the university’s technical 
support staff who then sent the questionnaire to all undergraduate students (n = 28,294) between 
November 14, 2019, and December 5, 2019. Researchers are advised to check with the 
organizations with whom they intend to conduct research to learn about policies and procedures 
governing access to the sample. Initially, the researcher was advised that an email list of enrolled 
undergraduate students could be obtained from the university registrar; however, further 
investigation revealed that the researcher was not allowed to contact undergraduate students 
directly. Instead, distribution of the questionnaire would be handled by the university’s technical 
staff for a $25 fee.  
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Despite the survey distribution time period coinciding with the Thanksgiving holiday, 
1,000 respondents responded to the questionnaire. This number declined significantly in the 
following weeks despite reminder emails sent at week one and week three, after students 
returned to campus following the break. The initial email explained the purpose of the study and 
contained two questions for participants to determine if they were eligible to join this study: 
They had to be 18 years of age or older, and they had to have worked at a foodservice 
establishment within the past year. Data were checked manually to identify those who met the 
eligibility criteria; college students who did not meet the criteria but completed the questionnaire 
anyway (n = 176) were excluded from data analysis. As an incentive to participate, respondents 
were included in a drawing for 20 gift cards, each worth $10.  
Data Analysis 
Data were analyzed by using Statistical Package for Social Sciences software (version 
25.0). Descriptive statistics and item reliability were evaluated by using Cronbach’s coefficient 
alpha. Paired sample t-tests and ANOVAs were also conducted. A paired sample t-test was used 
to explore the mean differences in produce handling attitudes (practices) at home and in the 
workplace. Moreover, independent sample t-tests and ANOVAs were performed to investigate 
detailed information regarding whether the differences in produce handling attitudes and 
practices at home and in the workplace varied significantly among demographic groups. Produce 
handling beliefs and knowledge based on demographic characteristics were analyzed by using 
independent sample t-tests and ANOVAs, and knowledge scores were calculated by the sum of 
correct answers.  
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CHAPTER 4. RESULTS AND DISCUSSION 
This chapter includes the results of the study and a discussion based on those results. A 
total of 2,029 students (7.1% of the initial total) responded to the questionnaire, 957 completed 
the questionnaire completely, and more than half of the respondents completed fewer than 75% 
of the questions, probably due to the length of the questionnaire or participant burnout. 
Additionally, some respondents who were ineligible to participate nevertheless did so and were 
therefore excluded from data analysis, resulting in 781 usable questionnaires (2.8% of the initial 
total) for data analysis. The time period of survey distribution coincided with the Thanksgiving 
holiday, which may have affected college students’ willingness to complete the questionnaire. 
Demographic Characteristics 
Respondents’ demographic characteristics are depicted in Table 4.1. More female 
students (n = 517, 66.2%) responded to the questionnaire than male students (n = 248, 31.8%). 
As of fall 2019, the university enrolled a total of 12,098 female undergraduate students (42.8%) 
and 16,196 male undergraduate students (57.2%). According to Smith (2008), there was a 
significant relationship between response rate and gender, as females were more willing to 
respond to the online survey. Most respondents were 18 to 25 years old (n = 728, 93.2%) and 
originally from the United States (n = 699, 89.5%). Furthermore, most respondents were 
freshmen (n = 251, 32.1%) and held a high school or General Educational Development (GED) 
degree (n = 637, 81.6%). Most respondents had worked for more than two years (n = 275, 
35.2%) in foodservice, and 14% had less than six months of foodservice work experience. 
Respondents reported having worked at restaurants (n = 365, 46.7%), grocery stores (n = 77, 
9.9%), and coffee or tea shops (n = 136, 17.4%). Job responsibilities included food preparation 
(n = 501, 64.1%), food server (n = 600, 76.8%), dishwasher (n = 445, 57.0%), and others (n = 47, 
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6.0%), such as cashier, busser, and front-of-house staff. More than half of the participants          
(n = 517, 66.2%) did not have food safety certification. 
Table 4.1 Demographic Characteristics of Respondents (n = 777-788) 
Demographic characteristics   na  % 
Age 
    18-25 years 
    Above 25 years 
  
728 
52 
 
93.2  
6.7    
Gender 
Male 
Female 
       
248 
517  
 
31.8 
66.2 
Country of Birth 
United States 
International/Outside the U.S. 
  
669 
  79 
 
89.5 
10.1 
Native Language 
English 
Others 
  
702 
  75 
 
89.9 
  9.6 
College Classification 
Freshman 
Sophomore  
Junior 
Senior 
Graduate student 
  
251 
159 
163 
150 
  57 
 
32.1 
20.4 
20.9 
19.2 
  7.3 
Highest Educational Level 
   High school/GED  
   Associate’s degree  
   Bachelor’s degree  
   Master’s degree  
   Doctoral degree 
  
637 
  68 
  51 
  14 
    7 
 
81.6 
  8.7 
  6.5 
  1.8 
  0.9 
Work Experience (in years) 
Less than 6 months 
6–11 months 
1–2 years 
More than 2 years 
  
218 
109 
178 
275 
 
27.9 
14.0 
22.8 
35.2 
Average Hours Worked (per 
week) 
0–5 
6–10 
11–15 
More than 15 hours 
  
 
194 
128 
216 
220 
 
 
24.8 
16.4 
27.7 
28.2 
Type of Establishment 
Restaurant 
Coffee/tea shop 
Grocery store (i.e. Hyvee, 
Fareway, etc.) 
Other 
  
365 
  77 
136 
 
203 
 
46.7 
  9.9 
17.4 
 
26.0 
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Table 4.1(continued) 
Work Area a 
Food preparation 
Serving food  
Dishroom 
Other 
  
501  
600 
445 
  47 
 
64.1 
76.8 
57.0 
  6.0 
Food Safety Certification  
     Have certification 
     Do not have certification 
      
262 
517   
 
33.5 
66.2 
a The total responses may not total 781 due to multiple responses or nonresponse to certain questions 
* Response categories for this question did not have an option for those who were in the United States for five years, so this question was 
excluded from data analysis 
 
Produce handling Knowledge of Respondents  
The overall mean knowledge score was 8.45 ± 1.97 (range = 0 to 12) (Table 4.2). 
Respondents lacked knowledge of personal hygiene and time and temperature control. 
Approximately 90% of respondents were knowledgeable about separating fresh produce from 
raw meat, poultry, and seafood; they were also familiar with the proper method to clean fresh 
produce (n = 749, 95.5%). A little over half of the respondents (n = 471, 60.3%) were 
knowledgeable about the message on a produce bag (e.g., triple-washed, ready to eat). 
Concerning how long fresh produce can remain unrefrigerated, fewer than 10% of respondents  
(n = 67, 8.6%) selected the correct answer. Obande et al. (2020) found that 43.3% of surveyed 
young adults had knowledge about the refrigerator temperatures necessary for maintaining food 
safety. Few respondents (n = 204, 26.1%) selected the correct answer for how long hands should 
be washed. An observational study by Anderson et al. (2004) also discovered that participants 
were not following the recommended handwashing procedure (25 seconds for the entire 
process). Proper handwashing is critical for maintaining food safety because unclean hands can 
be a vector for spreading microbial contamination. 
Respondents were aware that different produce must be separated to avoid cross-
contamination (n = 746, 95.5%) and they knew how to properly prepare produce (n = 712, 
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91.2%). However, most respondents (n = 573, 73.9%) were not clear about how to wash their 
hands properly before handling produce or when they should discard fresh-cut produce if it had 
not been refrigerated. The handwashing results align with previous studies, which found that 
food handlers did not follow proper handwashing procedures (Akabanda, et al., 2017; Todd et 
al., 2010). Proper handwashing is one of the most effective ways to prevent transmission of FBIs 
(Soon, 2019). Addis and Sisay (2015) confirmed that good hygiene practices and proper storage 
of food are critical to preventing and controlling FBIs. Indeed, it is important for young adults to 
gain knowledge about produce safety through formal and informal training methods and 
participatory activities at home and work. Formal training methods, such as face-to-face training 
and hands-on experience, and informal training methods, such as educational posters, could be 
effective tools to improve produce handling practices (Rajagopal et al., 2016). Abott et al. (2009) 
suggested that food safety training for young adults focus on increasing awareness of foodborne 
diseases and prevention of cross-contamination to encourage safe food handling behaviors. 
Table 4.2 Produce handling Knowledge of College Students (n = 774-778) 
Knowledge items    n (%) ᵃ 
1. Fresh fruits and vegetables (i.e., strawberries, lettuce, herbs, and mushrooms) 
should be stored at what temperature for maintaining food safety? 
a) 51°F /11ºC or below 
b) 45°F /7ºC or below 
c) 41°F /5ºC or below 
d) Don’t know 
 
 
  66 (8.8) 
116 (14.9) 
417 (53.4) ᵇ 
174 (22.3) 
2. At what maximum internal temperature should cold produce items (i.e., lettuce, 
cut melons) be held? 
a) 0°F/-18ºC 
b) 32°F/0°C 
c) 41°F/5ºC 
d) 60°F/16ºC 
 
 
 
 
 
                     
 
 
  20 (2.6) 
117 (15.0) 
546 (69.9) ᵇ 
  95 (12.2) 
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          Table 4.2. (Continued)  
 
3. Fresh produce stored in the refrigerator should be separated from which of the 
following foods? 
a)  Meat  
b) Poultry  
c)  Seafood  
d) All of above 
 
 
 
  11 (1.4) 
    8 (1.0) 
  13 (1.7) 
746 (95.5) ᵇ 
4. Which products may be cut on a same cutting board? 
a)  Raw meat, poultry, and bread 
b)  Raw meat, poultry, fresh fruits, and vegetables 
c)  Bread, fresh fruits, seafood, and vegetables 
d) Bread, fresh fruits, and vegetables 
 
   31 (4.0) 
   20 (2.6) 
   16 (2.0) 
 708 (90.7) ᵇ 
5. How many hours can fresh cut produce (i.e., cut melons, cut tomatoes) be held 
without refrigeration before it should be discarded? 
a) 2 hours   
b) 3 hours   
c) 4 hours    
d) 6 hours 
 
 
472 (60.4) 
  86 (11.0) 
152 (19.5) 
  67 (8.6) ᵇ 
6. You must discard cut produce if ___. 
a) Fresh fruit and vegetables have not been refrigerated within two hours of 
cutting 
b) Fruit or vegetables have touched raw meat, poultry, seafood, or eggs 
c) The temperature of the fresh fruit and vegetables is in the range 40°F–
140°F 
d) All of above 
 
  20 (2.6) 
   
  96 (12.3) 
  14 (1.8) 
644 (82.5) ᵇ 
 
7. Which of the following is the correct way to prepare melons for eating? 
a) Wash the outer surface with running water 
b) Scrub melons with clean produce brush 
c) Cut away any bruised or damaged areas before cutting through 
d) All of the above 
 
  22 (2.8) 
  30 (3.8) 
  33 (4.2) 
692 (88.6) ᵇ 
8. How long should you wash your hands before handling produce? 
a) 15 seconds 
b) 20 seconds 
c) 25 seconds 
d) 30 seconds 
 
 
 
 
 
 
 
 
  71 (9.1)  
204 (26.1) ᵇ 
   81 (10.4) 
 421 (53.9) 
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        Table 4.2. (Continued) 
9. Which of the following statements on a bag of cut lettuce suggests that the 
lettuce does not needs to be re-washed? 
a)  “Ready-to-eat” 
b)  “Washed” 
c)  “Triple-washed” 
d) All of above 
 
 
 
215 (27.5) 
  30 (3.8) 
  62 (7.9) 
471 (60.3) ᵇ 
10. Foodborne poisoning can result from produce when ... 
a) Discarding contaminated produce 
b) Produce is properly stored, handled, and served 
c) Using same cutting board for produce and meat without proper 
cleaning and    sanitizing 
d) Washing hands before handling produce 
 
 
  30 (3.8) 
  44 (5.6) 
679 (86.9) ᵇ 
 
   21 (2.7) 
11. Which of the following is the correct way to prepare fruits and vegetables? 
a) Cut away damaged or bruised areas 
b) Scrub firm produce—like melons or cucumbers—with a clean produce 
brush 
c) Rinse produce under running water  
d) All of above 
 
 
  17 (2.2) 
  27 (3.5) 
  22 (2.8) 
712 (91.2) ᵇ 
12. When you are shopping for fresh produce, what do you need to check? 
a) Fresh produce you buy are not bruised 
b) Pre-cut fruits and vegetables such as packaged salads and sliced melons 
are refrigerated or on ice 
c) Fresh produce is not contaminated with raw meat, poultry, seafood, or 
eggs 
d) All of the above 
 
   29 (3.7) 
   34 (4.4) 
 
   10 (1.3) 
 704 (90.1) ᵇ 
Notes: ᵃ Percentages may not 100% due to non-response to a question.  
            ᵇ Correct response 
 
Produce handling Attitudes at Work and at Home of Respondents 
The overall mean score for produce handling attitudes at work (4.40 ± 0.57; Table 4.3) 
was slightly higher than the overall mean score for produce handling attitudes at home (4.28 ± 
0.53; Table 4.4). Cronbach’s coefficient of reliability was 0.89 for the workplace and 0.87 for the 
home. The mean score for the item “I think preventing food poisoning is important” had the 
highest score for the workplace (M = 4.86, SD = 0.55) and the home (M = 4.76, SD = 0.55), 
indicating that respondents believe in prevention of food poisoning as critical, irrespective of the 
setting. One attitude item, “I believe errors I might make when handling fresh produce cannot 
cause food poisoning,” was reverse-coded for data analysis. This item mean score for the 
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workplace (M = 2.70, SD = 1.50) and the home (M = 2.78, SD = 1.42) is lower than other attitude 
items, which suggests that participants did not believe their errors in produce handling 
procedures could cause foodborne illness. This suggests that they had “optimistic bias” toward 
food poisoning. Frewer, Howard, Hedderley, and Shepherd (1996) described optimistic bias as a 
psychological phenomenon in which people believe they are less likely than others to experience 
negative events and more likely than others to experience positive events. Many consumers, even 
those belonging to high-risk groups, do not perceive themselves as being at risk of contracting or 
transmitting foodborne illness (Buffer et al., 2013). 
Overall, respondents scored higher for attitudinal statements about the workplace 
compared to those about the home. For both settings, respondents considered prevention of food 
poisoning important and believed that cross-contamination could be avoided by taking the 
appropriate precautions. Nevertheless, when at work, college students were less likely to feel 
responsible for preventing food poisoning than when they were at home. Moreover, respondents 
were also less likely to undergo food safety training to learn about safely handling fresh produce 
at home compared to at work. According to Byrd-Bredbenner et al. (2013), most consumers do 
not consider the home a risky setting for food poisoning. Food safety educators can therefore 
consider consumers’ home produce safety practices in future produce safety education programs. 
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Table 4.3 Produce handling Attitudes of Respondents at Work (n = 767-777) 
 
Notes: a Scale for statements: 1 = Strongly Disagree; 2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree  b SD = standard deviation    c Item was reverse-coded. 
   
     Frequency(%)   
        
Attitude Items (α = 0.89) 
 
Me
anᵃ 
 
SD b Strongly  
 Disagree  
Disagree Neutral  Agree Strongly 
  Agree 
I think preventing food 
poisoning is important. 
4.86 0.55 9 (1.2) 1 (0.1)  11 (1.4) 51 (6.5) 701 (89.8) 
 
I believe appropriate 
precautions can be taken to 
avoid contaminating fresh 
produce with germs from other 
foods such as meat. 
4.76 0.62 8 (1.0) 4 (0.5)  20 (2.6) 101 (12.9) 640 (81.9) 
I believe people around me 
(family and/or friends) should 
ensure that safe fresh produce 
handling practices are always 
followed. 
4.66 0.68 7 (0.9) 5 (0.6)  36 (4.6) 147 (18.8) 581 (74.4) 
I think everyone (co-workers, 
family and /or friends) should 
be knowledgeable about safely 
handling fresh produce. 
4.63 0.69 8 (1.0) 6 (0.6)  35 (4.5) 171 (21.9) 555 (71.1) 
I believe learning the rationale 
for food safety practices will 
help me become more 
confident about safely handling 
fresh produce. 
4.51 0.80 10 (1.3) 9 (1.2)  64 (8.2) 185 (23.7) 504 (64.5) 
I am willing to change my food 
handling practices related to 
fresh produce. 
4.49 0.79 9 (1.2) 12 (1.5)  57 (7.3) 207 (26.5) 488 (62.5) 
I believe that, when I am 
handling fresh produce, I am 
following appropriate food 
safety practices. 
4.44 0.76 8 (1.0) 4 (0.5)  69 (8.8) 254 (32.5) 438 (56.1) 
I am willing to change my fresh 
produce handling behaviors. 
4.41 0.81 11 (1.4) 10 (1.3)  62 (7.9) 255 (32.7) 433 (55.4) 
I think learning about safely 
handling fresh produce is 
important to me personally, 
since I am handling food. 
4.41 0.86 13 (1.7) 10 (1.3)  83 (10.6) 208 (26.6) 461 (59.0) 
Learning more about the proper 
way of handling fresh produce 
is important to me. 
4.33 0.93 15 (1.9) 22 (2.8)  94 (12.0) 204 (26.1) 437 (56.0) 
I believe germs on fresh 
produce can cause food 
poisoning. 
4.29 
 
0.91 13 (1.7) 21 (2.7)  94 (12.0) 241(30.9) 398 (51.0) 
I am willing to undergo food 
safety training to learn more 
about safely handling fresh 
produce. 
4.29 0.95 15 (1.9) 23 (2.9)  111 (14.2) 200 (25.6) 423 (54.2) 
I think preventing food 
poisoning is my responsibility. 
4.27 1.02 20 (2.6) 42 (5.4)  80 (10.2) 199 (25.5) 429 (54.9) 
I believe errors I might make 
when handling fresh produce 
cannot cause food poisoning 
(R)b. 
2.70 1.50 201(25.7) 226 (28.9)  109 (14.0)  90 (11.5) 151 (19.3) 
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Table 4.4 Produce handling Attitudes of Respondents at Home (n = 754-763) 
 
 
       Notes: a Scale for statements: 1 = Strongly Disagree; 2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree  
                  b SD = standard deviation;   c Item was reverse-code
     Frequency(%)   
        
Attitude Items  
(α = 0.87) 
 
Meanᵃ 
 
SDᵇ Strongly 
Disagree 
Disagree     Neutral        Agree Strongly 
          
Agree 
I think preventing food 
poisoning is important. 
4.76       0.55     2 (0.3)   3 (0.4)      23 (2.9)      116 (14.9) 614  (78.6) 
 
 
I believe appropriate precautions 
can be taken to avoid 
contaminating fresh produce 
with germs from other foods 
such as meat. 
4.74               0.55     1 (0.1)   3 (0.4)      27 (3.5)      130 (16.6) 595 (76.2) 
I believe people around me 
(family and/or friends) should 
ensure that safe fresh produce 
handling practices are always 
followed. 
4.52               0.71    4 (0.5)   3 (0.4)      62 (7.9)      219 (28.0) 475 (60.8) 
I think preventing food 
poisoning is my responsibility. 
 
4.49            0.77     6 (0.8)  11 (1.4)      61 (7.8)      208 (26.6)  472 (60.4) 
I believe learning the rationale 
for food safety practices will 
help me become more confident 
about safely handling fresh 
produce. 
4.45             0.79    3 (0.4)  14 (1.8)     83 (10.6)      199 (25.5)  457 (58.5) 
I think learning about safely 
handling  
fresh produce is important to 
me  
personally, since I am handling 
food. 
4.28 0.88 8 (1.0) 21 (2.7)   109 (14.0) 237 (30.3) 387 (49.6) 
I believe germs on fresh 
produce 
can cause food poisoning. 
4.23 
 
0.89 7 (0.9) 27 (3.5)   109 (14.0) 250 (32.0) 361 (46.2) 
I am willing to change my fresh                
produce handling behaviors. 
4.21 0.86 5 (0.6) 25 (3.2)   114 (14.6) 275 (35.2) 338 (43.3) 
        
I am willing to undergo food 
safety training  
to learn more about safely 
handling fresh produce. 
3.81 1.14 23 (2.9) 91 (11.7) 168 (21.5) 203 (26.0) 277 (35.5) 
I believe errors I might make 
when handling fresh produce 
cannot cause food poisoning 
(R) c. 
 
2.78 1.42 165 (21.1) 223 
(28.6) 
127 (16.3) 101 (12.9) 142 (18.2) 
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Produce handling Practices at Work and at Home 
The overall mean score for produce handling practices at work (2.72 ± 0.30 [1 = “Never”; 
3 = “Always”]; Table 4.5) was slightly higher than the overall mean score for produce handling 
practices at home (2.38 ± 0.39; see Table 4.6). Cronbach’s coefficient of reliability was 0.72 for 
at-work and 0.79 for at-home practice items. The mean score for the item “I always use clean 
and sanitized knives, cutting boards, and utensils when handling fresh produce” had the highest 
scores for the workplace (M = 2.89, SD = 0.35) and the home (M = 2.65, SD = 0.51); the mean 
score for the item “When handling fresh produce, I focus more on safe food handling practices 
than when handling other foods (e.g., rice, meat, or bread)” had the lowest score for the 
workplace (M = 2.38, SD = 0.67); while the mean score for the item “I always avoid touching 
fresh produce with my bare hands when it will be consumed raw (e.g., salads or sandwiches)” 
had the lowest score for the home (M = 1.96, SD = 0.79). These findings are contradictory to 
those reported in previous studies (Anderson et al., 2004; Redmond et al., 2003; Abbot et al., 
2009), perhaps suggesting that a possible role of social desirability bias occurred when 
responding to these items. 
The overall produce handling practices scores were lower than the attitude and belief 
scores. Most respondents reported using clean and sanitized utensils when handling fresh 
produce at work and at home; however, when at home rather than work, college students were 
less likely to wash their hands before handling fresh produce and tended to touch fresh produce 
with their bare hands. In both settings, college students were not overly concerned about 
following safe produce handling practices. Previous studies have emphasized that proper produce 
handling practices are crucial for serving food safely and can help to reduce FBIs (Choi et al., 
2016). 
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    Table 4.5 Produce handling Practices of Respondents at Work (n = 773-780) 
     a Scale for statements: 1 = Never; 2 = Sometimes; 3 = Always      b SD = standard deviation 
 
   Table 4.6 Produce handling Practices of Respondents at Home (n = 770-780) 
    Frequency(
%) 
 
Practice Items (α = 0.79) Meanᵃ 
 
SDᵇ Never Sometimes Always 
I always use clean and sanitized knives, 
chopping board, and utensils when 
handling fresh produce. 
2.65 0.51 11 (1.4) 249 (31.9) 514 (65.8) 
I rewash fresh produce if I drop it on the 
floor. 
2.63 0.53 20 (2.6) 244 (31.2) 513 (65.7) 
I do not use fresh produce with visible 
signs of decay or damage. 
2.46 0.57 30 (3.8) 354 (45.3) 386 (49.4) 
I always wash my hands thoroughly with 
soap and water before handling fresh 
produce. 
2.44 0.57 28 (3.6) 379 (48.5) 369 (47.2) 
I discard cut fresh produce (i.e., sliced 
tomatoes, melons, pineapples) when I am 
unsure how long it has been kept without 
refrigeration. 
2.41 0.61 51 (6.5) 355 (45.5) 371 (47.5) 
When serving, I always use separate 
serving tools (tongs, ladles) for each fresh 
produce item. 
2.27 0.65 87 (11.1) 389 (49.8) 297 (38.0) 
 
 
 
 
 
 
 
 
 
 
 
 
    Frequency(%)  
Practice Items (α = 0.72) Meanᵃ 
 
SDᵇ Never  Sometimes Always 
I always use clean and sanitized knives, 
chopping board, and utensils when handling 
fresh produce. 
2.89 0.35 8 (1.0)   71 (9.1) 699 (89.5) 
I always wash my hands thoroughly with 
soap and water before handling fresh 
produce. 
2.85 0.38 6 (0.8)   101 (12.9) 666 (85.3) 
I rewash fresh produce if I drop it on the 
floor. 
2.84 0.46 29 (3.7)   67 (8.6) 684 (87.6) 
When serving, I always use separate serving 
tools (tongs, ladles) for each fresh produce 
item. 
2.75 0.50 25 (3.2)   145 (18.6) 605 (77.5) 
I do not use fresh produce with visible signs 
of decay or damage. 
2.69 0.54 31 (4.0)   181 (23.2) 563 (72.1) 
I discard cut fresh produce (i.e., sliced 
tomatoes, melons, pineapples) when I am 
unsure how long it has been kept without 
refrigeration. 
2.68 0.57 42 (5.4)   167 (21.4) 570 (73.0) 
I always avoid touching fresh produce with 
bare hands when it will be consumed raw 
(i.e., salad or sandwich). 
2.65 0.61 56 (7.2)    159 (20.4) 564 (72.2) 
When handling fresh produce, I pay more 
attention to safe food handling practices 
than when handling other foods (i.e., rice, 
meat, bread). 
2.38 0.67 80 (10.2)    319 (40.8) 
         
377 (48.3) 
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 Table 4.6 Continued  
 
 
 
 
 
 
 
 
 
When handling fresh produce, I pay more 
attention to safe food handling practices 
than when handling other foods (i.e., rice, 
meat, bread). 
2.22 0.69 116 (14.9) 373 (47.8) 288 (36.9) 
I always avoid touching fresh produce with 
bare hands when it will be consumed raw 
(i.e., salad or sandwich). 
1.96 0.79 259 (33.2) 290 (37.1) 229 (29.3) 
a Scale for statements: 1 = Never; 2 = Sometimes; 3 = Always      b SD = standard deviation 
 
Produce handling Beliefs of Respondents 
The total mean score for produce handling beliefs for all five items was 3.81 ± 0.65 (1 = 
“Strongly disagree”; 5 = “Strongly agree”; see Table 4.7), and the Cronbach’s coefficient of 
reliability was 0.70. Respondents generally agreed (M = 4.2, SD = 0.84) that “food poisoning 
affects many U.S. residents every year.” Moreover, the item “Food poisoning is not a great threat 
to my health” had the lowest mean score (M = 2.68, SD = 1.18). Although respondents were 
highly likely to believe that food poisoning annually affects many people in the United States (M 
= 4.28, SD = 0.84), respondents were less likely to believe that produce is one of the most 
common causes of food poisoning (M = 3.68, SD = 0.92). Indeed, fresh-cut leafy greens alone 
caused nearly 100 outbreaks of illness in the United States between 2000 and 2007. Furthermore, 
in 2006, spinach-associated foodborne disease outbreaks caused nearly 200 cases of illness and 
five deaths in the United States (Anderson et al., 2011; Herman et al., 2015). 
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Table 4.7 Produce handling Beliefs of Respondents (n = 778-780) 
     Frequency(%)   
        
Beliefs Items 
 (α = 0.70) 
 
Meanᵃ 
 
SD Strongly 
Disagree 
Disagree Niether 
Agree or 
Disagree 
  Agree  Strongly    
Agree 
Every year, many 
people in the United 
States are affected by 
food poisoning. 
4.28 0.84    13 (1.7) 8 (1.0)    93 (11.9) 302 (38.7)   364 (46.6) 
Contamination of 
fresh produce by 
harmful germs is a 
concern in the United 
States. 
3.97 0.87     7 (0.9) 35 (4.5)   156 (20.0) 357 (45.7)   225 (28.8) 
Food poisoning related 
to fresh produce is a 
major concern in the 
United States. 
3.79 0.96    11 (1.4) 61 (7.8)   209 (26.8) 295 (37.8)   202 (25.9) 
Food poisoning 
associated with fresh 
produce is common in 
the United States. 
3.68 0.92      5 (0.6) 70 (9.0)   250 (32.0) 296 (37.9)   159 (20.4) 
Food poisoning is not 
a big threat to my 
health (R)b. 
2.68 1.18 113(14.5)  292 (37.4)   181 
(23.2) 
117 (15.0)    75 (9.6) 
Notes: a Scale for statements: 1 = Strongly Disagree; 2 = Disagree; 3 = Neutral; 4 = Agree; 5 = Strongly Agree  
            b Item was reverse-coded.
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Table 4.8. Produce handling Attitudes of Respondents with Demographic Characteristics (n = 778-780) 
Variable                   Work                                     Home 
     Mean SD Mean SD t-value 
Age 
    18–25 years 
    Above 25 years 
 
4.44 
4.38 
 
0.47 
0.54 
 
4.27  
4.38    
 
0.53 
0.52 
 
10.97*** 
-0.01 
Gender 
Male 
Female 
      
4.34 
4.48 
 
0.53 
0.44 
    
4.19  
4.32 
 
0.54 
0.52 
 
5.67*** 
9.11*** 
Origin 
United States 
International/Outside the U.S. 
 
4.45 
4.36 
 
0.48 
0.47 
 
4.28 
4.33 
 
0.53 
0.52 
 
10.87*** 
0.62 
Native Language 
English 
Others 
 
4.44 
4.40 
 
0.47 
0.522 
 
4.27 
4.40 
 
0.53 
0.46 
 
11.32*** 
-0.04 
College Classification 
Freshman 
Sophomore  
Junior 
Senior 
Graduate Student 
 
4.43 
4.38 
4.54 
4.44 
4.32 
 
0.49 
0.51 
0.41 
0.49 
0.51 
 
4.23 
4.29 
4.34 
4.25 
4.33 
 
0.53 
0.46 
0.58 
0.57 
0.48 
 
7.52*** 
2.55* 
5.54 *** 
6.29*** 
-0.42 
Highest Educational Level 
   High school/GED  
   Associate’s degree  
   Bachelor’s degree  
   Master’s degree  
   Doctoral degree 
 
4.44 
4.49 
4.38 
4.29 
4.08 
 
0.49 
0.39 
0.51 
0.44 
0.58 
 
4.26 
4.36 
4.34 
4.34 
4.22 
 
0.54 
0.48 
0.55 
0.48 
0.66 
 
10.39*** 
3.62*** 
1.43 
-0.74 
-0.99 
Note: * Significant at: p < .05; *** Significant at: p < .001 
 
Work Experience (in years) 
Less than six months 
Six months to one year 
One to two years 
More than two years  
 
4.35 
4.48 
4.39 
4.51 
 
0.53 
0.44 
0.48 
0.45 
 
 
4.26 
4.25 
4.25 
4.32 
 
 0.53 
 0.52 
 0.54 
 0.53 
 
3.94*** 
5.76*** 
4.72*** 
6.87*** 
Average Hours Worked /per 
week 
0–5 
6–10 
11–15 
More than 15 hours 
 
  4.33 
  4.45 
  4.47 
  4.49 
 
0.52 
0.53 
0.42 
0.47 
 
4.24 
4.32 
4.27 
4.29 
 
 0.54 
 0.49 
 0.50 
 0.58 
 
3.75*** 
3.71*** 
8.43*** 
5.63*** 
Type of Establishment 
Restaurant 
    Coffee/tea shop 
 Grocery store  
Other  
 
  4.44 
  4.44 
  4.41 
  4.44 
 
0.48 
0.55 
0.45 
0.48 
 
4.27 
4.34 
4.24 
4.30 
 
 0.53 
 0.51 
 0.58 
 0.52 
 
8.65*** 
2.22* 
4.04*** 
5.00*** 
Food safety certification  
     Have certification 
     Do not have certification 
    
  4.5   
  4.39 
 
0.46 
0.49 
 
4.35 
4.24     
 
0.53 
0.53 
 
5.94*** 
8.95*** 
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Differences between Produce handling Attitudes and Practices at Work and at Home Based on 
Demographic Characteristics 
A paired sample t -test was performed to compare the differences between the total 
means for produce handling attitudes and practices at work and at home with demographic 
characteristics (see Table 4.8). Overall, statistically significant differences were discovered 
between produce handling attitudes and practices at work and at home. For instance, statistically 
significant differences between respondents’ produce handling attitudes at work and at home 
were higher among respondents ages 18–25 (t = 10.97, p < .001); respondents in this age group 
also had higher mean scores for attitudes at work (M = 4.44, SD = 0.47) than at home (M = 4.27, 
SD = 0.53). Males (t = 5.67, p < .001) and females (t = 9.11, p < .001) both had higher mean 
scores for attitudes when they are at work compared to when they are at home. Respondents who 
are originally from the United States (t = 10.87, p < .001) had higher mean scores for attitudes at 
work (M = 4.45, SD = 0.48) than at home (M = 4.28, SD = 0.53). Additionally, respondents 
whose native language is English (t = 11.32, p < .001) had higher mean scores for attitudes at 
work (M = 4.44, SD = 0.27) than at home (M = 4.27, SD = 0.53). Respondents with a high 
school or GED degree (t = 10.39, p < .001) or an associate’s degree (t = 3.62, p < .001) had 
higher mean scores for attitudes when they are at work compared to when they are at home. Last, 
both participants who have food safety certification (t = 5.94, p < .001) and do not have food 
safety certification (t = 8.95, p < .001) had higher mean scores for attitudes when they are at 
work compared to when they are at home. 
Furthermore, statistically significant differences between these attitudes at work and at 
home were related to work experience and average hours worked per week. No statistically 
significant differences between produce handling attitudes at work and at home were noted for 
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respondents who are older than 25, non-native English speakers, graduate students, had worked 
for fewer than four years, and had bachelor’s (or higher) degrees. 
Concerning produce handling practices, statistically significant differences between 
practices at work and at home were noted for respondents 18–25 years old (t = 24.79, p < .001), 
who had higher mean scores for practices at work (M = 2.71, SD = 0.29) than at home (M = 
2.37, SD = 0.39). Males (t = 10.51, p < .001) and females (t = 22.79, p < .001) both had higher 
mean scores for practices when they are at work compared to when they are at home. 
Respondents who are originally from the United States (t = 25.73, p < .001) had higher mean 
scores for practices at work (M = 2.72, SD = 0.29) than at home (M = 2.36, SD = 0.39). Native 
English speakers (t = 25.61, p < .001) had higher mean scores for practices at work (M = 2.72, 
SD = 0.29) than at home (M = 2.36, SD = 0.39), and respondents who have a high school or 
GED degree (t = 23.45, p < .001), associate’s degree (t = 7.10, p < .001), or bachelor’s degree (t 
= 4.46, p < .001) had higher mean scores for practices at work than at home. Furthermore, 
respondents who have food safety certification (t = 15.00, p < .001) and for those who do not 
have food safety certification (t = 19.64, p < .001) both had higher mean scores for practices at 
work than at home.  
Statistically significant differences in produce handling practices at work and at home 
also depended on respondents’ work experience, average hours worked per week, and work 
establishment. No statistically significant differences between produce handling practices at 
work and at home were noted when respondents had worked fewer than four years and had a 
master’s degree or higher. 
When comparing the differences between produce handling attitudes at work and at home 
based on demographic characteristics, some respondents were more likely than others to have 
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similar produce handling attitudes at work and at home when they were over 25, originally from 
outside the United States, non-native English speakers, graduate students, had worked for fewer 
than four years, and had bachelor’s (or higher) degrees. The similarity in food handling practices 
at work and home was possibly due to increased knowledge of food handling procedures through 
food-preparation experience; this increased knowledge may also explain the results found for 
participants who are over 25 years of age, graduate students, and those who possess a bachelor’s 
degree or higher. Similar food handling practices at work and home among those participants 
who had fewer than four years of foodservice experience could be a result of participants’ 
knowledge of food handling practices being fresh in their minds from recent experience and 
possibly awareness of produce safety information through media such as television or the 
internet. It was interesting to find differences in produce safety knowledge between students who 
were born in the United States and international, which could be because of those students 
paying careful attention to foods they prepare because of unfamiliarity with foods available in 
the United States. This result was contradictory to that found by Garden-Robinson, Eighmy, and 
Ngale Lyonga (2010), whose food safety needs assessment found that international students 
lacked knowledge about how to safely handle processed food, frozen food, and ready-to-eat 
food, all of which are common in the United States. No significant evidence of transferability 
between the workplace and the home for produce handling attitudinal statements based on 
gender, work experience, work establishment, and food safety certification were found. 
According to the results regarding the differences between produce handling practices at work 
and at home based on demographic characteristics, when respondents had less work experience 
or higher degrees, the transferability between the two settings tended to be higher.
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   Table 4.9 Produce handling Practices of Respondents with Demographic Characteristics (n = 778-780) 
 
 Work  Home  
Variable  Mean SD Mean SD t-value 
Age 
    18–25 years 
    25 and above 
 
2.71 
2.69 
 
0.29 
0.34 
     
2.37 
2.53 
 
0.39 
0.37 
 
24.79*** 
  3.21** 
Gender 
Male 
Female 
      
2.69 
2.73 
 
0.35 
0.28 
     
2.44 
2.35 
 
0.41 
0.39 
 
10.51*** 
22.79*** 
Born in 
United States 
International/ Outside the  
U.S. 
 
2.72 
2.67 
 
0.29 
0.37 
 
2.36 
2.57 
 
0.39 
0.39 
 
25.73*** 
  2.29* 
Native Language 
English 
Other 
 
2.72 
2.71 
 
0.29 
0.37 
 
2.36 
2.60 
 
0.39 
0.34 
 
25.61*** 
  2.51* 
College Classification 
Freshman 
Sophomore  
Junior 
Senior 
Graduate Student 
 
2.73 
2.74 
2.73 
2.68 
2.64 
 
0.28 
0.30 
0.29 
0.33 
0.34 
 
2.39 
2.44 
2.34 
2.29 
2.48 
 
0.41 
0.37 
0.38 
0.43 
0.34 
 
14.96*** 
  8.63*** 
13.89*** 
12.59*** 
  3.27** 
Highest Educational Level 
   High school/GED  
   Associate’s degree  
   Bachelor’s degree  
   Master’s degree  
   Doctoral degree 
 
2.72 
2.75 
2.68 
2.58 
2.80 
 
0.30 
0.26 
0.31 
0.34 
0.42 
 
2.36 
2.46 
2.43 
2.58 
2.63 
 
0.39 
0.39 
0.44 
0.31 
0.51 
 
 23.45*** 
  7.10*** 
  4.46*** 
  0.24 
  1.76 
Work Experience (in years) 
Less than six months 
Six months to one year 
One to two years 
More than two years 
 
 2.65 
 2.73 
 2.73 
 2.75 
 
0.35 
0.30 
0.28 
0.27 
 
 2.43 
 2.33 
 2.37 
 2.37 
 
 0.40 
 0.39 
 0.39 
 0.40 
 
  9.92*** 
  9.95*** 
  12.83*** 
  16.36*** 
Average Hours Worked 
/per week 
0–5 
6–10 
11–15 
More than 15 hours 
 
 2.63 
 2.72 
 2.76 
 2.75 
 
0.35 
0.33 
0.25 
0.28 
 
2.40 
 2.39 
 2.38 
 2.36 
 
 0.42 
 0.38 
 0.38 
 0.41 
 
 9.19*** 
 8.95*** 
 15.32*** 
 14.66*** 
Type of Establishment 
Restaurant 
Coffee/tea shop 
Grocery store  
Other 
 
 2.72 
 2.73 
 2.69 
 2.71 
 
0.30 
0.29 
0.30 
0.31 
 
 2.38 
 2.46 
 2.39 
 2.33 
 
 0.39 
 0.39 
 0.42 
 0.39 
 
17.08*** 
6.51*** 
8.79*** 
14.33*** 
Food safety certification  
     Have certification 
     Do not have certification 
    
 2.76  
 2.69 
 
0.27 
0.31 
    
2.40  
2.37 
 
 0.40 
 0.39 
 
15.00*** 
19.64*** 
Note: *Significant at: p < .05; **Significant at: p < .01; *** Significant at: p < .001 
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Produce handling Beliefs and Knowledge Based on Demographic Characteristics 
Independent sample t-tests and ANOVAs were conducted to assess differences in 
produce handling beliefs and knowledge, based on respondents’ demographic characteristics (see 
Table 4.10). Levene’s test was performed, and Welch’s t-test and the Games-Howell post-hoc 
test were conducted if Levene’s test was statistically significant. F-statistics and Tukey’s 
honestly significant difference (HSD) were also conducted if Levene’s test was not statistically 
significant (Morgan et al., 2012). 
Concerning produce handling beliefs, statistically significant differences between the two 
genders (t = −4.185, p < .001) were discovered: Female respondents (3.88 ± 0.63) had a higher 
average mean score than male respondents (3.68 ± 0.63). This difference could also have 
resulted due to higher representation of female respondents (n = 517, 66.2) in the study. 
Moreover, statistically significant differences between produce handling beliefs in work 
experience, average hours worked per week, and food safety certification were found. 
According to the results regarding college students’ produce handling beliefs based on 
the demographic characteristics, respondents’ beliefs were consistent, probably as a result of 
most participants coming from the United States. In other words, no significant differences in 
produce handling beliefs were based on age, country of origin, education level, or roles and 
responsibilities. In fact, respondents’ different beliefs were associated with gender, work 
experience, and food safety certification. 
According to the follow-up test, female respondents had higher belief scores compared to 
male respondents, which supports the previous finding that female respondents performed better 
than male respondents on most of the study measures (Byrd-Bredbenner et al., 2007a). 
Furthermore, when respondents had food safety certification, they were more likely to believe 
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that improper handling of produce could cause food poisoning. To improve overall produce 
handling behaviors in the future, researchers could develop a produce-safety training system that 
focuses on male consumers. Some sort of short, online training with an assessment at the end and 
a certificate when participants pass the exam might help improve produce handling belief scores, 
irrespective of gender. 
This study also evaluated respondents’ produce knowledge scores based on demographic 
characteristics. Regarding produce handling knowledge overall, statistically significant 
differences were based on some demographic characteristics. However, no statistically 
significant differences were related to education levels; interestingly, the level of education was 
found to impact produce handling attitude scores when comparing those who have a bachelor’s 
degree versus those who hold a master’s or higher degree. 
Respondents who were 18 to 25 years old, female, originally from the United States, and 
had food safety certification were more knowledgeable about produce safety than other 
respondents. Other demographic characteristics had no significant impact on young adults’ 
knowledge of produce safety. A study by Ferk, Calder, and Camire (2016) found that females 
had higher food safety knowledge scores than males. Previous studies have examined food 
handlers’ food safety knowledge and found that certified managers and employees had better 
knowledge of food safety, and employees whose native language is English had higher 
knowledge scores as well (Brown et al., 2014). The results of this study also agree with previous 
studies that education level and work experience had no significant effect on food safety 
knowledge (Webb & Morancie, 2015; Osaili et al., 2013). 
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Table 4.10 Produce handling Beliefs of Respondents and Demographic Characteristics  
(n = 778-780) 
Variable   Mean SD  
Age 
    18–25 years 
    25 and above 
    
   3.81 
   3.75  
 
0.64 
0.79 
 
t-value = 0.69 
Gender 
Male 
Female 
     
3.68 
3.88 
 
0.63 
0.65 
 
t-value = -4.185*** 
Born in 
United States 
International/ Outside the U.S. 
 
3.82 
3.69 
 
0.64 
0.71 
 
t-value = 1.62 
Native Language 
English 
Others 
 
3.82 
3.74 
 
0.64 
0.70 
 
t-value = 0.85 
College Classification 
Freshman 
Sophomore  
Junior 
Senior 
Graduate Student 
 
3.79 
3.76 
3.83 
3.90 
3.81 
 
0.68 
0.59 
0.61 
0.62 
0.75 
 
F-value = 1.31 
Education Level 
   High school/GED  
   Associate’s degree  
   Bachelor’s degree  
   Master’s degree  
   Doctoral degree 
 
3.82 
3.91 
3.66 
3.64 
3.71 
 
0.62 
0.65 
0.82 
0.49 
1.27 
 
Welch = 1.16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Significant at: p < .05; **Significant at: p < .01; *** Significant at: p < .001. If the variances in the groups are unequal, Welch test was conducted. 
If the variances in the groups are equal, F-statistic was conducted. 
 
Work Experience (in years) 
   Less than six months                           3.71                 0.71         Welch = 4.85** 
   Six months to one year                        3.82                 0.57 
   Two years                                            3.75                 0.63 
   More than two years                            3.92                 0.62 
Average Hours Worked /per week 
   0–5                                                       3.71                 0.63          F-value = 3.72* 
   6–10                                                     3.83                 0.69 
   11–15                                                   3.79                 0.60 
   More than 15 hours                             3.92                  0.65 
Type of Establishment 
   Restaurant                                           3.80                 0.63           F-value = 0.56 
   Coffee/tea shop                                   3.79                 0.69 
Grocery store                                       3.77                 0.59 
   (i.e., Hyvee,  Fareway, etc.) 
   Other                                                   3.86                  0.68 
Food safety certification  
 Have certification 
 Do not have certification 
 
 3.95 
 3.74 
 
  0.61 
  0.65 
 
  t-value = 4.26*** 
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Table 4.11 Produce handling Knowledge of Respondents with Demographic Characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
***Significant at: p < .001 If the variances in the groups are unequal, Welch test was conducted. If the variances in the groups are equal, F-statistic 
was conducted. 
 
Variable  Mean SD  
Age 
    18–25 years 
    25 and above 
     
8.51 
7.69 
 
1.88 
2.83 
 
t-value = 2.05*** 
Gender 
Male 
    Female 
     
7.97 
8.72 
 
2.33 
1.66 
 
t-value = -4.573*** 
Country of Origin 
United States 
Outside the U.S. 
 
8.50 
8.01 
 
1.96 
2.08 
 
t-value = 2.08*** 
Native Language 
English 
Others 
 
8.54 
7.76 
 
1.91 
2.25 
 
t-value = 3.27*** 
College Classification 
Freshman 
Sophomore  
Junior 
Senior 
Graduate Student 
 
8.32 
8.45 
8.59 
8.52 
8.40 
 
2.05 
2.04 
1.81 
1.94 
2.00 
 
F-value = 0.52 
Education Level 
    High school/GED  
    Associate’s degree  
    Bachelor’s degree  
    Master’s degree  
    Doctoral degree 
 
8.53 
8.26 
8.00 
7.07 
9.57 
 
1.87 
2.28 
2.37 
2.73 
1.39 
 
Welch = 2.59 
Work Experience(years) 
Less than six months                
Six months to one year 
Two years 
More than two years 
 
7.96 
8.49 
8.46 
8.80 
 
2.38 
1.55 
1.92 
1.71 
 
Welch = 6.49*** 
Average Hours Worked /per 
week 
0–5 
6–10 
11–15 
More than 15 hours 
 
7.87 
8.35 
8.68 
8.78 
 
2.25 
1.76 
1.98 
1.76 
 
 
F-value = 8.84*** 
Type of Establishment 
Restaurant 
Coffee/tea shop 
Grocery store (i.e., Hyvee, 
Fareway, etc.) 
Other 
 
8.39 
7.79 
8.30 
 
8.90 
 
2.07 
2.48 
1.82 
 
1.55 
 
Welch = 7.39*** 
Food safety certification 
Yes 
No 
 
8.68 
8.34 
 
1.95 
1.97 
 
t-value = 2.27*** 
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CHAPTER 5: SUMMARY AND CONCLUSIONS 
This chapter presents a summary of the findings, implications, and limitations of the 
study, and suggestions for future research. 
Summary of Findings 
This study assessed college students’ produce handling attitudes, practices, beliefs, and 
knowledge. Participants were generally knowledgeable about how to clean and prepare fresh 
produce, but they seemed unsure about the proper temperature required to store fresh produce to 
ensure food safety. Moreover, many were unfamiliar with common messages on produce bags, 
such as “washed” and “triple-washed.” In fact, college students still believe that produce should 
be washed even when the package indicated that it has been pre-washed. Only a small percentage 
of participants could identify how long they should wash their hands, even though handwashing 
is one of the most effective ways to prevent FBI (Ali et al., 2014). Compared to other foods, 
participants in this study believed fresh produce was not usually associated as a cause of food 
poisoning. 
Overall, participants had higher scores for their produce handling attitudes and practices 
at work than at home. For all of the questions, female participants had higher scores than their 
male counterparts. While participants agreed that produce safety is essential, they did not 
consider produce-safety training for home necessary (M = 3.81, SD = 1.14). Another finding 
identified that participants did not always follow proper produce handling practices at work and 
at home, and the mean score for glove use (M = 1.96, SD = 0.79) with fresh produce was low.  
The factors of gender, education level, work experience, work establishment, and food 
safety certification all affected participants’ produce handling attitudes and led the differences 
between attitudes at work and at home. According to the results, college students care more 
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about properly handling produce at work than at home. Another finding verified that participants 
who are over 25 and originally from outside the United States were more consistent with safely 
handling produce at work and at home, which means that their produce handling attitudes were 
similar between work and home. 
Based on all demographic characteristics, this study identified that produce handling 
practices differ significantly between work and home. Specifically, college students were 
unaware that if they follow safe produce handling procedures only while at work and not while at 
home, they remain at risk of food poisoning. 
In summary, college students seem to lack knowledge about how to properly handle fresh 
produce; however, they do have positive attitudes toward safe produce handling behaviors and 
are willing to learn more about produce safety. College students also seem to believe that food 
poisoning affects consumers’ health but are less inclined to believe that fresh produce can cause 
food poisoning. According to the study, college students must improve their produce handling 
practices, focus more on fresh produce, and improve their knowledge of produce safety.  
Implications 
The findings of this study indicate that college students may need to improve their safe 
produce handling behaviors not only in the workplace but also at home. Training may need that 
focuses on proper produce handling practices and improving college students’ awareness of 
produce safety. It is critical that college students learn to follow proper produce handling 
procedures not only at work but also at home to prevent food poisoning. Food safety education 
can be provided through formal and informal social media approaches without relying on only 
one platform (Burke, Young, & Papadopoulous, 2016). Most research has focused on improving 
food safety knowledge, but food safety training that combines knowledge with behavior is 
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needed (McFarland, Checinska Sielaff, Rasco, & Smith, 2019). Universities could offer 
education about how to safely handle fresh produce to students in all majors by including the 
topic within the context of the major. As an example, students in a business major can learn 
about produce safety by developing business plans for mock produce growers or conduct a 
financial analysis of a produce-related illness outbreak. Students can also be educated through 
succinct messages about safe produce handling sent via email or text message or posted on social 
media platforms such as Facebook and Twitter.  
Limitations and Future Research 
This section addresses limitations of this study. For instance, this study used a 
convenience sample, with all of participants from the same Midwest university. Therefore, the 
results of this study may not represent the produce handling behaviors of college students from 
other states, such as California or Arizona, who may have more experience with handling 
produce due to the availability of fresh produce all year. Another limitation was that there was no 
screening question to assess whether the participants specifically had experience with handling 
produce, so it is possible that some college students lacking that experience participated in this 
study. Additionally, the length of time for data collection was relatively short and spanned the 
participants’ Thanksgiving holiday from school, which may explain the low response rate. It is 
suggested that future researchers keep major holiday’s in. mind as they collect their data. This 
questionnaire was offered only in English, and out of the 777 participants, 75 were not native 
English speakers and did not grow up in the United States, which could have made interpretation 
of the questionnaire difficult. Owing to an oversight when the questionnaire was developed, an 
error was made in listing response options for “length of stay in the United States.” This answer 
omitted the option of choosing five years for those who had lived in the United States for that 
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length of time, resulting in the researchers being unable to assess produce handling as it relates to 
length of stay in the United States. Researchers must carefully proofread their questionnaire for 
errors to avoid their impact on data collection and analysis. 
Finally, the section of the questionnaire concerning produce handling practices was self-
reported, which could have led to social desirability bias. Participants’ self-reported produce 
handling practices and their actual practices can and do differ (Byrd-Bredbenner, Wheatley, 
Cottone, & Clancy, 2007a). Future researchers could thus use observations and interviews to 
assess consumers’ actual produce handling practices at work and at home.  
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APPENDIX B: E-MAIL INVITATION  
Greetings! 
 
You are invited to participate in an important research study! 
 
My name is Boya Luo and I am a graduate student in the Hospitality Management Program at 
Iowa State University. I am working on a research project about Fresh fruits and vegetables 
handling by young adults at home and at work ( i.e. restaurants, college and university dining, 
cafes, etc). 
 
Your participation is critical to the success of this research and improve food safety and prevent 
food poisoning. 
 
· Your responses will be kept completely confidential. 
 
· As a thank you for your time, you will have a chance to receive one of twenty $10 gift cards. 
 
· You must be 18 years or older and 
 
· Have experience working in a food service establishment (i.e. restaurants, college and 
university dining, cafes, etc) currently or within the past one year. 
 
If you meet the requirements and agree to participate in this study, please click the link provided 
below. 
 
https://iastate.qualtrics.com/jfe/form/SV_2lsSKzGB178Cw8R 
 
Sincerely, 
 
Boya Luo 
Department of Apparel, Events, and Hospitality Management, Iowa State University 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
61 
APPENDIX C: QUESTIONNAIRE 
 
Definitions:  
 
Produce: refers to all types of fresh fruits and vegetables such as lettuce, spinach, watermelon, 
etc. 
 
At Work: Any foodservice establishment (i.e. restaurants, university or college dining, etc.) 
where you are currently employed or were employed within the past one year 
Section 1 
Instructions: Please read each statement and indicate your level of agreement with each 
statement as it applies when you think about handling produce at work and at home.  
SA = Strongly, A = Agree, N = Neutral, D = Disagree, SD = Strongly Disagree 
Statement At Work At Home 
 1 = 
SD 
2 = 
D 
3 = 
N 
4 = 
A 
5 = 
SA 
1 = 
SD 
2 =  
D 
3 = 
N 
4 =  
A 
5 = 
SA 
I think 
preventing food 
poisoning is 
important.  
          
I think 
preventing 
foodborne 
poisoning is my 
responsibility. 
          
I believe germs 
on fresh produce 
can cause a 
foodborne illness 
          
I believe 
appropriate 
precautions can 
be taken to avoid 
contaminating 
fresh produce 
with germs from 
other foods such 
as meat  
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I am willing to 
change my food 
handling 
practices related 
to fresh produce 
          
I believe 
learning the 
rationale for 
food safety 
practices will 
help me become 
more confident 
about safe 
handling of fresh 
produce. 
          
Learning more 
about the proper 
way of handling 
fresh produce is 
important to me.  
          
I believe people 
around me 
(family and/or 
friends) should 
ensure safe fresh 
produce handling 
practices are 
always followed. 
          
I am willing to 
undergo food 
safety training to 
learn more about 
safely handling 
fresh produce. 
          
I believe when I 
am handling 
fresh produce, I 
am following 
appropriate food 
safety practices. 
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I think everyone 
(co-workers, 
family and /or 
friends) should 
be 
knowledgeable 
about safely 
handling fresh 
produce.  
          
I believe errors I 
might make 
when handling 
fresh produce 
cannot cause 
food poisoning  
          
I am willing to 
change my fresh 
produce handling 
behaviors  
          
I think learning 
about safely 
handling fresh 
produce is 
important to me 
personally 
wherever I am 
handling food 
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Section 2 
Please read the following statements. Indicate the frequency in which you/did you engage in 
these fresh produce handling practices at your work and at your home using the following scale.  
1.Never 2. Sometime 3. Always  
 
Statement At Work                                               At Home 
 
 
1= Never 2= 
Sometime 
3= 
Always 
 
1= 
Never 
2= 
Sometime 
3= 
Always 
 
I rewash 
fresh produce 
if I drop it on 
the floor 
while 
preparing it. 
      
 I always 
wash my 
hands 
thoroughly 
with soap 
and water 
before 
handling 
fresh 
produce. 
      
I always use 
clean and 
sanitized  
knives, 
chopping 
board, and 
utensils when 
handling 
fresh 
produce. 
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When 
serving, I 
always use 
separate 
serving tools 
(tongs, 
ladles) for 
each fresh 
produce. 
      
I use fresh 
produce even 
if they have 
visible signs 
of decay or 
damage 
      
I discard cut 
fresh produce 
(i.e. sliced 
tomatoes, 
melons, 
pineapples) 
when I am 
unsure how 
long it has 
been kept 
without 
refrigeration.  
      
I do not use 
fresh produce 
with visible 
signs of 
decay or 
damage. 
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When 
handling 
fresh 
produce, I 
pay more 
attention to 
safe food 
handling 
practices 
than when 
handling 
other foods 
(i.e. rice, 
meat, bread) 
      
I always 
avoid 
touching 
fresh produce 
with bare 
hands when 
it will be 
consumed 
raw (i.e: 
salad or 
sandwich). 
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Section 3 
Instructions: Please read each statement carefully and indicate Yes or No for produce handling at 
work and at home. 
 
Example: I believe I can directly use fresh produce without cleaning them. 
Now choose Yes or No in the At Work column (when you are at work) and again choose Yes or 
No in the Home column (when you think about fresh fruits and vegetable handling at home) 
 
SA = Strongly, A = Agree, N = Neutral, D = Disagree, SD = Strongly Disagree 
Statement 
 
1= SD 2= D 3= N   4= A 5= SA 
Every year many people in the 
United States are affected by food 
poisoning  
     
Food poisoning related to fresh 
produce is a major concern in the 
United States 
     
Contamination of fresh produce by 
harmful germs is a concern in the 
United States.  
 
 
 
 
 
   
Food poisoning is not a big threat to 
my health. 
     
Food poisoning associated with 
fresh produce is common in the 
United States 
     
 
Section 4  
 
Instructions: Please read each question carefully and select the answer that you believe is correct.  
 
1. Fresh produce (I.e. strawberries, lettuce, herbs, and mushrooms) should be stored at what 
temperature for maintaining food safety? ( 
a) 51° F /11 ºC or below  
b) 45° F /7 ºC or below   
c) 41° F /5 ºC or below 
d) Don’t know  
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2. Fresh produce (i.e. lettuce, cut melons) should be kept at what temperature? 
a) 0° F/-18 ºC 
b) 32° F/0°C 
c) 41° F/5 ºC 
d) 60° F/16 ºC  
 
3. Fresh produce stored in the refrigerator should be stored above which of the following foods? 
a) meat  
b) poultry  
c) seafood  
d) all of these 
 
4. Which foods can be cut on the same cutting board without washing the cutting board in 
between different foods? 
a) Raw meat, poultry and bread 
b) Raw meat, poultry, fresh produce 
c) Bread, fresh fruits, seafood and vegetables 
d) Bread, fresh produce 
 
5. You must discard cut fresh produce if it is held without refrigeration for how many hours? 
a) 2 hours   
b) 3 hours   
c) 4 hours    
d) 6 hours 
7. You must discard cut produce if ___  
a) Fresh fruit and vegetables have not been refrigerated within two hours of cutting. 
b) Fruit or vegetables have touched raw meat, poultry, seafood or eggs. 
c) The temperature of the fresh fruit and vegetables are in the range 40°F–140°F 
d) All of above  
 
8. Which of the following is the correct way to prepare melons for eating? 
a) Wash the outer surface of the melon under running water 
b) Scrub melons with a clean produce brush 
c) Cut away any bruised or damaged areas before cutting through the melon 
d) All of above 
 
9. How long should you wash your hands before handling fresh produce? 
a) 15 seconds 
b) 20 seconds  
c) 25seconds  
d) 30 seconds 
 
10. Which of the following statements on a bag of cut lettuce suggests that the lettuce does not 
need to re-washed? 
a) “ready-to-eat” 
b) “washed” 
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c) “triple washed” 
d) All of above 
11. Food poisoning can result from produce when. 
a) Contaminated produce is discarded. 
b) Produce is properly stored, handled, and served 
c) Using the same cutting board for produce and meat without proper cleaning and 
sanitizing the knife and the cutting board. 
d) Washing hands before handle produce 
12. Which of the following is the correct way to prepare produce? 
a) Cut away damaged or bruised areas. 
b) Scrub firm produce—like melons or cucumbers—with a clean produce brush. 
c) Rinse produces under running water.  
d) All of above 
 
13. When you are shopping for fresh produce what do you need to check? 
a) The fresh produce you buy are not bruised or damaged. 
b) Pre-cut produce like packaged salads and sliced melons are refrigerated or are placed on 
ice. 
c) Fresh produce are not contaminated with raw meats, poultry, seafood and eggs.   
d) All of above 
 
Section 5 
1. What is your age? 
a) ____ 18 – 25 years  
b) ____ 26 – 33 years  
c) ____ 34 – 41 years  
d) ____ 42 – 49 years 
e) ____ Older than 50  
 
2. What is your sex? 
a) ____ Male  
b) ____ Female  
c) _____ Other 
d) _____ Prefer not to respond 
 
3. Where were you born?  
a) ____ United States  
b) ____ International/ Outside the U.S.  
c) ____ Prefer not to respond 
4. How long have you lived in the United States? 
a) ____ Less than 1 year 
b) ___ 1-2 years 
c) ___ 3-4 years 
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d) ___ More than 5 years 
 
5. What is your native language? 
a) ____ English 
b) ____ Spanish 
c) ____ Chinese 
d) ____ Korean 
e) ____ Vietnamese 
f) ____ Other (Please specify which language ______) 
 
6. What is your classification in college?  
a) ____ Freshman  
b) ____ Sophomore  
c) ____ Junior  
d) ____ Senior  
e) ____ Graduate Student  
 
7. What is the highest level of education you completed before coming to Iowa State University?  
a) ____ High school/GED  
b) ____ Associates degree  
c) ____ Bachelor’s degree  
d) ____ Master’s degree  
e) ____ Doctoral degree  
 
 8. How long have you worked in foodservice establishments (present and/or former foodservice)?  
a) ____ Less than 6 months 
b) ____ Six months to one year 
c) ____ Two years 
d) ____ More than two years 
 
 9. If you are currently working or have worked in a foodservice establishment, how many hours per 
week do/did you typically work _____?   
a)  _____ 0-5  
b) _____ 6-10  
c) _____ 11-15  
d) _____ More than 15 hours 
 
 
 
 
 
10. Which type of foodservice establishment do you currently work or have worked at in the past 
one year?  
a) ____ Restaurant 
b) ____ Coffee/Tea shop 
c) ____ Foodservice establishment at a grocery store (i.e. Hyvee, Fareway, etc) 
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d) ____ Other (Please specify : _____________ ) 
 
11. When working at a foodservice establishment, which task(s) are you involved with? (Check all 
that apply)  
a) ____ Food preparation  
b) ____ Serving food or putting food out on the serving line 
c) ____ Dishroom  
f) ____ Other (Please specify: _____________ ) 
 
12. Do you currently have any type of food safety certification?  
a) _____Yes (Select all that apply Servsafe® _____ Safe Food101® ____                             
Other _____ (Please specify:______)  
b) _____ No  
 
 
